Abstract: A thermo-alkalophilic bacterium Citrobacter sp. isolated from textile mill effluent sample as a decolouring microorganism.
Introduction
Textile dyeing effluents containing recalcitrant dyes are polluting waters due to their color and by the formation of toxic or carcinogenic intermediates, such as aromatic amines from azo dyes [1, 2] . Water plays a vital and essential role in our ecosystem. This natural resource is becoming scarce, makingits availability a major social and economic concern. Use of a large variety of synthetic dyes in textile industries has raiseda hazardous environmental alert. About 17-20% of freshwater pollution is caused by textile effluents. These effluentsare recalcitrant to biodegradation and cause acute toxicity to the receiving water bodies, as these comprised of varioustypes of toxic dyes, which are difficult to remove [3] .The conventional treatment systems based on physical or chemical treatment does not remove the color and dye compound concentration [4] .
The decolorization of the dye takes place either by adsorption on the microbial biomass or biodegradation by the cells and bioremediation takes place by anaerobic and/or aerobic process. Biological methods are currently viewed as specific, less energy intensive, effective, environmentally safe and they result in partial or complete bioconversion of organic pollutants to stable and nontoxic end products [4, 5] . The products of intermediate metabolism during the decolorization process, such as aromatic amines, can be degraded by the hydroxylase and oxygenase produced by bacteria [5, 6] .In this study, a thermo-alkalophilic bacterium Citrobacter sp. capable of decolorizing Magenta and the effects of various physical and chemical parameters on dye decolorization were investigated.
Materials and Methods

Dye decolorization studies
Decolorizing activity is expressed in terms of percentage of decolorization of the dye [7] . The effect of Dye concentration, temperature, pH and Nitrogen source on dye decolorization The 250 mL Erlenmeyer flasks having 100 mL of MM medium containing 100 ppm of dye were inoculated with selected bacterium. The flasks were incubated at various temperatures ranging from 20-60°C and the effect of pH on dye decolorization was studied with various pH values ranging from 5-9. The effect of Nitrogen source and dye on dye decolorization was studied at various concentrations ranging from 1-4% (w/v) and 200-1200 ppm, respectively. Uninoculated controls were prepared in parallel in all experiments.
Curing
The Citrobacter sp. was pre-cultured in BH medium with shaking for 18 h. the pre-culture was inoculated into 5 ml of fresh BH medium containing 0.5 mL curing agent (Acridine Orange 1%) and incubated for 24 h at 37 °C. After 24 h the culture was transferred to fresh BH medium containing 0.1 g L -1 of dye, Simultaneously transferred to fresh BH medium containing 0.5 mL of 1% Acridine orange, the process was repeated every 24 h up to 5 d. The culture was properly diluted with saline and 0.1 mL of diluted culture was placed on Nutrient agar. The inoculated plate was incubated at 37 °C for 24 h. Each colony appearing on the agar plate was tested for its ability to decolorize the Magenta. The colony Licensed Under Creative Commons Attribution CC BY which did not decolorize the dye is considered as a cured colony. The Curing frequency was calculated by colony counts of the initial one, i.e., the difference between the initial colony counts, (i) and the final colony count ( f) of the sample. The curing frequency was calculated by following formula.
Curing frequency (%) = Colonies (i) -Final (f) × 100/ Colonies (i)
Extraction of Metabolites
The complete decolorized medium of Magenta was centrifuged at 10,000 rpm for 15 min. The pH was adjusted to 7 and 200 mL of the supernatant was extracted twice with 500 mL diethyl ether. The remaining aqueous layer was acidified to pH 2 by 1N HCl and extracted twice with diethyl ether (500 mL). The acidic and basic extracted fractions were pooled and evaporated to very small quantity.
Thin layer Chromatography (TLC)
The glass plate of 200×100×2 mm (length × breadth × thickness) coated with 40% (w/v) aqueous slurry of Silica gel G with binder were used for carrying out TLC, 10 µl of extracted fractions were loaded on Silica gel, dried and the solvent system used were propanol : water : acetic acid (90 : 9 : 1 v/v) for developing the TLC plate. The dye and products on chromatogram was observed by exposing to long wavelength UV-Light (365 nm) and the metabolites were partially identified by Diazotization and Carbylamine test.
Results and Discussion
Effect of Dye Concentration, Temperature, pH and Nitrogen source on dye decolorization Effect of dye concentration ( Fig. 1) on the decolorization ability of the bacterium was studied by inoculation of the bacterium to BH medium supplemented with different concentrations of Magenta (100-1000 ppm). When the effect of different initial dye concentrations of Magenta on decolorization was observed using 100, 200 300, 400, 500, 600, 700, 800, 900 and 1000 ppm and the required times to reach a maximum decolorization extent were 24, 32, 40, 48, 48, 60, 72, 72, 84, and 104 h, respectively. These results indicate that as the initial dye concentration increases the time required for complete decolorization also increases and dye concentration above 1000 ppm was not completely decolorized even after extended incubation periods. It was reported that dye decolorization can be strongly inhibited when a high concentration dyestuff was used to examine the poisonous effect of the dye on the degrading microorganisms [8, 9] .
One of the most important parameters for dye decolorization is temperature. In order to determine the optimum temperature for dye decolorization using Magenta (100 ppm) a temperature range of 20-50°C was examined. Fig. 2 shows that the complete dye decolorization increased with increase in temperature from 20-40°C and decreases with increase in temperature above the 40°C,which might be due to the loss of cell viability or deactivation of the enzymes responsible for decolorization [10, 11] . The 100% dye decolorization was observed at 40°C within 20 h and temperature between 35-45°C was optimum for the removal of Magenta.
The results on the effect of various hydrogen ion concentrations on decolourization of Magenta by Citrobacter sp. are represented in Fig. 3 . The maximum decolourization was found to be between pH 7.0-8.5 within 24-30 h respectively. These results indicated that Citrobacter sp. is capable of decolorizing Magenta (100 ppm) within a wide range of pH and organism was completely decolourizes 100 ppm of the dye within the pH range from 6.0 to 10.0. Below pH 6.0 and above pH 10.0 complete decolourization of the Magenta (100 ppm) by Citrobacter sp. was not observed, however optimum pH was found to be 8.0 for decolourization of Magenta where decolourization occurred within 20 hours of incubation. The pH tolerance of decolorizing bacteria is quite important because reactive azo dyes bind to cotton fibers by addition or substitution mechanisms under alkaline conditions and at high temperatures [12] . These results indicate that the bacterium Citrobacter sp. was alkalophilic in nature.
Thus the effect of various concentrations (0.25-2.5 g L -1 ) of the nitrogen source (peptone) was investigated and the results are represented in Fig.4 .The decolorization of Magenta (100 ppm) along with organic nitrogen though Citrobactersp. was observed. The presence of organic nitrogen source like peptone the rate of color reduction was increased with the concentration of organic nitrogen 0.25 g L -1 to 2.25 g L -1 and above 2.25 g L -1 it was constant. Praveenkumar and Bhat, (2012) have reported similar reports of increase in the efficiency of decolorization with increase in the organic nitrogen concentration and many report shows the maximum decolorization of dyes takes place in presence of nitrogen source [13, 14] and these investigations pointed nitrogen source was essential for decolorization of reactive dyes.
Effect of heavy metals
The effect of different heavy metals (0.025-1mM) on decolourization of Magenta (100 ppm) by Citrobacter sp. was investigated and the results are shown in Fig.5 . Out of the seven metals tested cadmium was most toxic. With this metal the incubation time required for 100% decolourization sharply increased from 24 h at 0.025 mM to 32 h at 0.05 mM and further to 72 h at 0.5 mM and above 0.5 mM complete dye decolourization did not occur even at the extended periods. Similar observations were made with zinc, mercury and copper where complete decolourization of 100 ppm of Magenta occurred after 72 h incubation up to 0.5 mM of the respective metals and 100% decolourization could not be achieved above 0.5 mM. Contrarily, nickel, lead and cobalt, appeared to be comparatively less toxic and lead appeared to even stimulate and enhance decolourization process at its lower concentrations.
Curing
Curing of Citrobacter sp. was carried out to determine the location of genes responsible for decolourization. The percentage frequency of curing was found to be 24.42% on first day and it increased gradually to 90.83% at 5 th d (Fig.6 ). The plasmid was found to be lost during successive cycles and after 5 th d the dye decolorizing ability of the bacteria was completely lost. This result indicates that the genes for 
